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OUPUCATE 



Polymeric ma rital containing a latent acid 



The present application relates to a method of coloring a polymeric material on irradiation 
using ultraviolet (UV) or high energy radiation, to a polymeric material containing a colour 
former and a phenolic antioxidant and/or phenolic ultraviolet absorber (UVA> as latent acid. 
i.e. a compound which is not an add but which can be converted to an acid by the influence 
of irradiation, and to some specific uses of this material. 

Recently, for real-time marking of letters and signs such as marker*© name, product name, 
date of production, lot number etc. on the surfaces of various commercial articles, the laser 
marking system is popularly employed for its various advantages. However, the existing la- 
ser marking systems do not perfectly fulfill all the user's requirements and thus a need ex- 
ists to Improve the properties of such systems. 

Some compositions containing color former and an acidic substance, which change color 
upon heating with a microwave laser, are shown in US-582471S and EP-A-600441. WO 
02/08821 reports a reversible thermochromic effect by combining a chromogenlc compound 

with certain phenoles. 

EP-A-290750 suggests the use of a nitrobenzaldehyde as an acid former in self-coloring, 
UV sensitive solutions. US-*343885 and EP-A-720053 describe some photopolymerizable 
compositions wherein color former is combined with a diazonium salt and/or certain halo- 
genated compounds. A similar color generation is proposed in US-5677107. 

It has now been found that phenolic antioxidants or phenolic UVAs present in a polymer 
matrix may split off a proton on irradiation with energy above visible light, and thus may 
function as a latent acid able to transform a colour former Into a dye (irreversible photo- 
chromic effect). 

Thus, present invention relates to a method of coloring a polymeric material, wherein a 
polymeric material containing 

a) a phenolic antioxidant and/or phenolic UVA and 

b) a colour former 
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is irradiated using a radiation of higher energy than visible light, provided that the phenolic 
antioxidant and/or phenolic UVA (a) is not a compound of the formula (2) to (14) 





Suitable radiation includes UV light (wavelength (a.) shorter than 400 nm), X-ray, y-ray, or 
particte radiation such as electron beam. Preferred radiation sources include UV laser, UV 
lamp, X-ray or electron radiation sources, radioactive materials emitting a-. &- and/or y- 
radiation. 

The phenolic antioxidant and/or phenolic UVA (a) is widely Known for use in polymeric com- 
positions, e.g. as a processing stabilizer or light stabilizer, and an item of commerce. The 
molecular weight of the phenolic antioxidant and/or phenolic UVA is preferably 340 g/mol or 

4i!gher T e s gT-from^40-to^50u^/moWn 

g/mol. 




Typical examples of phenolic UVA are light stabilizers of the hydnoxyphenyl-benzotriazote, 
hydroxyphenyl-triazine or hydroxybenzophenone classes, all comprising a hydnoxyl group 
located on a phenyl ring in ortho-position relative to the phenyl ring's attachment of the core 
molecule. Examples for such compounds can be found In the below list of compounds con- 
veniently to be used as ooadditives under Items 2.1, 2.2 and 2.8. 

A phenolic antioxidant is preferred as component (a). It usually comprises one or more 
mono-hydroxyphenyl (i.e. "phenol') moieties and one or more aflphatic or aromatic substitu- 
ents or linking groups connecting them, with cyclic moieties present in the compound being 
purely carbocyclic or selected from those of the formulae (lines denoting bonds) 





In an important phenolic antioxidant (a) to be used in the method of the invention, each 
mono-hydroxyphenyl moiety present usually contains 

one ortwo linking bonds to either a group connecting the moiety with 1 to 3 further moieties 

of the same type (linking group) or to an anchor group, 

and optionally 1-3 further substituents, e.g. alkyl of 1 to 12 carbon atoms. 

Preened subatituBnte on the mono-hydroxyphenyl moiety are methyl or tertiary C^ualkyl, 
especially methyl, tert-butyl and tert.-pentyl. 

Linking groups are usually dh tri- or tetravalent aliphatic groups of 1 to 20 carbon atoms, 
such as divalent groups selected from 

alkylene whtch may be interrupted and/or end-capped with -O-. -NH-, -S-, -CO-, -COO-, - 
OCO-, -NHCO- r -CONH-, a group U phenylene, phenylene which is substituted by Ci- 
C, 2 alkyl and/or Cr0 12 alkoxy and/or C z -G, z alkanoyloxy and/or Ca-Ciaalkenoyloxy; 
divalent mono-, dl- or trieycloalkytene groups; divalent mono-, di- or trtcycloalkylene groups 
interrupted by-O-; spacer groups -O-; -NH-; -S-; -CO-; -COO-; -OCO-; -NHCO-; -CONH-; 
bivalent groups selected from 

trivalent alkyl groups of 3 to 20 carbon atoms; said trivalent alkyl groups interrupted andfor 
end-capped with -O-, -NH-, -S-, -CO-. -COO-, -OCO-, -NHCO-, -CONH-. a group U 
phenylene, phenylene which is substituted by CrCiaalkyl and/or Gt-Cizalkoxy and/or C2- 
C 12 alkanoyloxy and/or Cydaalkenoyloxy; or trivalent groups of the formulae 





tetravalent alkyl groups of 4 to 20 caifcon atoms; said tetravalant alkyl groups interrupted 
and/or end-capped with -O-, -NH-, -S-, -CO-, -COO-, -OCO-. -NHCO-, -CONH-, a group Li, 
phenylene, phenylene which is substituted by C-C^alkyl and/or Ci-Ci 2 alkoxy and/or Ca- 
Cizalkanoykacy and/or CrCisalkenoyloxy; 
Li is a group selected from the formulae 
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U is OH, Cn-CzalM. C-C^alkoxy, Ca-dahydroxyalkyl; CVC^hydroxyalkoxy; 

L 3 independently are C 1 -C 4 alKytene; 

U independently are H or Ci-Cxalfcyl; aria*"""^ 

Ae and A 7 are as defined for anchor groups below. 

Anchor groups are usually selected from 

C-C^alkyl; CrC^lkyMte-; C^lkyl interrupted by -Ar; -A*-phenyl; -Arphenyl where the 
phenyl core Is substituted by CrC**yl. CvC«alkoxy. CrC„alkanoyloxy and/or C 3 - 
Ciaalkenoyloxy; CrCealkyl substituled by a group of the formula 



HjC en, 

phosphite, phosphate or phosphonate ester groups, e.g. of the formula 

^K0) m -P(=O)p(0Ai)(0A 2 ); 
or the anchor group is of the formula 



where m and p independently are 0 or 1; 



• 
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Ai and A 2 independently are d-Ci 2 alkyl or phenyl or phenyl substituted by d-Oealkyl or an 
equivalent of an alkaline, alkaline earth or aluminum atom; 
A, is a direct bond or d-Coalkylene; 
A* is selected from d-dalkylene and A 5 ; 

As Is selected from -O-, -NH-, -S-, -CO-, -COO-, -OCO-, -NHCO-. -CONH-; 
Afl is selected from d-daalkoxy, d-Csalkylthio and C r C l8 aikylamino; 
Arls-O- or -NH-; 

R' is H, d-Ci^alkyl, d-daalkoxy or cyclohexyloxy: 

or the anchor group is C r C aa alkylene or CrCzioxaalkylene attached with both open bonds 
to adjacent carbon atoms of the mono-hydroxyphenyl moiety. 

If the anchor group is attached to the phenol moiety by a carbon atom, this carbon atom is 
preferably quaternary carbon Q.s. carbon containing no bond to hydrogen). 

Preferred anchor groups are tertiary C4-C«alkyl; Ci-Caalkyl-As-; d-Caalkyl interrupted by- 
/V; -As-phenyl; -As-phenyl where the phenyl core is substituted by d-dzSlkyl; -A*-phenyl 
where the phenyl core is substituted by C^daalkanoyloxy and/or d-dzalkenoyloxy, and 
optionally further by d-ddaikyt; or the anchor group is Ca-Caaalkylene or d-CaOxaaJkylene 
attached with both open bonds to adjacent carbon atoms of the mono-hydroxyphenyl moi- 
ety; or is a group of one the formulae 




-A 3 -<OWP(=0) p <OAiKOA2); 
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where m and p Independently are 0 or 1 ; 

A, and A 2 Independently are C-Cisalkyl or phenyl or phenyl substituted by d-C^lkyl or an 
equivalent of an alkaline, alkaline earth or aluminum atom; 
As Is a direct bond or d-Csalkylene; 

A* Is selected from C,-C«alkylene, -O-, -NH-. -S-. -CO-, -COC-, -OGO-. -NHCO-, -CONH-; 

A s is selected from -O-, -NH-, -S-, -CO-, -COO-, -OCO-. -NHCO-, -CONH-; 

Ae is selected from d-C«alkoxy, d-CiBalkylthio and Ci-Ciealkylamlno; 

A 7 ie-0-or-NH-; 

As is C n -C 7 alkyl: 

R* is Ci-Ciaallcyl. 

Anchor or linking groups often contain one or more spacers such as -O-, -NH-, -S-, -CO-, - 
COO-, -OCO-, -NHCO-, -CONH- phenylene, or substituted phenylene; these groups may 
be linked together, however, usually no -O-O- (peroxo) or-NH-O- or-NH-S- or-O-S- llnk- 
i is formed. 



Alkylene groups end-capped by A* are, for example. -alkytene-As-, -As-alkytene, -Ae- 
alkylene-A$-. 

R* is preferably Ci-dsalkyl, especially methyl. 

In phosphite, phosphate or phosphorate ester groups. A< and A 2 independently preferably 
are d-dzalkyl an equivalent of an alkaline, alkaline earth or aluminum atom. 
Preferred salts are those wherein only one of A< and Az is an equivalent of a metal atom, 
e.g. selected from Li, Na. K, % Mg. % Ca, 1/3 AJ, especlaUy V* Ca. More preferred are phos- 
shatesrwherep ls-1-especially phosphonates-where m -is-D-and-p ls-1-or.corms P ondin£ 
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Thus, the phenolic antioxidant (a) is preferably of the formula (A) 




(A) 



wherein 



R 2l Rs, R4 and Rs independently are hydrogen, methyl or tertiary C-Ciaalkyl, especially 
methyl, tort-butyl and tert-pentyl; 
n is from the range 1-4: 



when n is 1, 

R, is tertiary C4-C, 2 allcy1; Ci-Caaalkyl-As-; Ca-Cas-alkyl Internjpted by -As-; -Asrphenyl; -A5- 
phenyl where the phenyl core Is substituted by Ct-C n2 alkyl; -Arphenyl where the phenyl 
core is substituted by C^issalkanoyloxy end/or C3-C 12 alkenoyloxy, and optionally further by 
CrCiaalkyl; or R n together with Rs is Cs-Caalkylene or CrC^oxaalkylene attached with both 
open bonds to adjacent carbon atoms of the mono-hydroxyphenyl moiety; or is a group of 
one the formulae 
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where m and p independently are 0 or 1 ; 

A* and Aa independently are Ci-Ciaalkyi or phenyl or phenyl substituted by Ci-C, 2 alkyl or an 
equivalent of an alkaline, alkaline earth or aluminum atom; 
A? is a direct bond or C,-C e alkylene; 

A» is selected from C-Calkylene, -O-. -NH , -S-, -CO-, -COO-, -OCO-, -NHCO-. -CONH-; 

A« is selected from -O-, -NH-, -S-, -CO-, -COO , -OCO-, -NHCO-, -CONH-; 

Ae is selected from Ci-C^Ikoxy, d-C«alkylthio and d-C«alkylamino; 

A7is-0-or-NH-; 

As is Ct-C 7 alkyl; 

R' is Ci-Ci B alkyl; 

when n is 2, Ri is Ci-Cmalkylene which may be interrupted and/or end-capped with -O-, - 
NH-, -S-, -CO-, -COO-, -OCO-. -NHCO-, -CONH-, -L,- t phenylene, phenyiene which is sub- 
stituted by Ct-C ra alkyi and/or d-Cwalkoxy and/or Ca-C^alkanoyloxy and/or C 3 - 
Ci2alkenayioxy; 

divalent mono-, di- or tricycloalkytene groups; divalent mono-, di- or tricycloalkytene groups 
Interrupted by-O-; spacer groups -Cs -S-; -CO-; -COO-; -OCO-; -NHCO-; -CONH-; 

when n is 3, Ri is trivalent alkyl of 3 to 20 carbon atoms; said tnValent alky! interrupted or 
end-capped with -O-, -IMH-, -S-, -CO-, -COO. -OCO-, -NHCO-, -CONH-. -Li-, phenylene, 
phenylene which is substituted by Q-Cwalkyl and/or C,-C 1A aIkoxy and/or Ca-daalkanoyloxy 
and/or Cs-C^lkenoylojy; or trivalent groups of the formulae 



— ts 



4 





when n is 4, Ri is tetravalent alkyl of 4 to 20 carbon atoms; said tetravalent alkyl interrupted 
or end-capped with -O-, -NH-, -S-, -CO-, -COO-, -OCO-, -NHCO-, -CONhh -Li-, phenylene, 
phenylene which is substituted by Ci-C 12 alkyl and/or C t -C 12 afkoxy and/or Ca-C^alkanoyloxy 
and/or Cij-C^alkenoyloxy; 

Li is a group selected from the formulae 




wmmmmmmmmm 
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N^N 



U is OH, Ci-Ci2alkyl. C,-Ci 2 alkoxy. Cz-Cuhydroxyalkyfc C2-C«hydrDxyalkoxy; 
U Independently are Ci-C4alkylene; 
U independently are H or C,-C 4 alky[. 

Especially preferred arc those wherein 

R*. Ra, R» and R$ independently are hydrogen, methyl, tert.-butyl, tert.-pentyl; 
when n (3 1 . 

R, is tertiary butyl, tertiary pentyl; d-C^alkyl-Asr; Cz-Ca^lkyl interrupted by -A 5 -; -As-phenyl 
where the phenyl core is substituted by d-Caalkyl; -Arpheny! where 1he phenyl core is 
substituted by C^C^alkenoyloxy and C-C^lkyi; or together with R 6 is C^Csaalkylene or 
CsrC»oxaalkylene attached with both open bonds to adjacent carbon atoms of the mono- 
hydroxyphenyl moiety; or R1 is a group of one the formulae 




-Aa-PCrOHOAtXOAz); 



i 



N--^N 
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Ai and Aa independently are G,-C 4 alkyl or an equivalent of a metal atom selected from Li. 
Na, K, % Mg, % A Ca. 1/3 Al; 
Aa is methylene; 
A4 Is CrC«alkylene; 

As is selected from -O-, -S-, -COO-, -OCO-, -NHCO-, -CONH-; 

As Is selected from C 4 -C, B aIkylthio and C 4 -C 1B alkylamino; 

A? is -NH-; 

A« is C 1 -C 7 alkyl; 

R'isCVdealkyl; 

when n is 2, R-i is Ci-Ci 2 alkylene; Ca-Czoalkylene interrupted and/or end-capped with -O-, - 
S-, -COO-, -OCO-, -NHCO-, -CONH-, -L,-; or R, is a divalent mono-, di- or tricydoalkyiene 
group; or R, Is -O-; -NH-; -Ss 

when n is 3, R-i is trlvalent alkyl of 3 to 20 caroon atoms; said trivalent alkyl interrupted by - 
O-, -S-, -COO-, -OCO-, -NHCO-, -CQNH-, phenylene, phenylene which is substituted by C r 
C| 2 alkyl; or R-, Is a trivalent group of one of the formulae 





when n is 4, R1 is tetravalent alkyl of 4 to 20 carbon atoms; or said tetravaient alkyl inter- 
rupted by-O-, -S-, -COO-, -OCO-, -NHCO-. -CONH-; 



Li is a group of the formula 




U independently are OrC 4 alkylene; 
U independently are H or Ci-QtalkyL 

In particularfy preferred phenolic antioxidants, each mono-hydroxyphenyl moiety contains 
one or preferably two aliphatic substituents, e.g. methyl, tert-butyl, tert.-pentyl, at least one 
thereof being located in ortho-position relative to the phenolic OH. 

Phenolic antioxidants useful in the present invention include the compounds listed below: 





(125) (125) - 
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The phenolic antioxidant and/or phenolic UVA (a) is preferably not of the foimula 



R 1 (X) 



wherein ring A can contain one or more hetero atoms and/or can contain an anelated ling, 

is hydrogen, alky!, alkenyl, aryl, 
Ra, R 3j R4 and Re independently of each other are hydrogen or a functional substituent, and 
R stands for Ci-Ceaikyl, -Z1-Q1, or-Zz-Gb, 

wherein Z1 is a single bond, S, NH or O, and Qi is a heterocyclic ring system having from 5 
to 9 ring atoms selected from C, S v O and N, with at least 2 carbon atoms in the ring sys- 
tem, preferably Q1 stands for morpholine, pyridine, which may be substituted one to three 
times with C^C^alkyl or hydroxy, mercaptobenzoxazote, mercaptobenzthiazole, 
and wherein Z 2 stands for d-C^alkylene, which can be substituted by C^alkyl or Q 3 , 
wherein Gb stands for phenyl which can be substituted one to three times with Ci-C4alkyl> 
hydroxy, Cs-C a cycloalkyl and/or a heterocyclic ring system having from 5 to 9 ring atoms se- 
lected from C, S r O and N, with at least 2 carbon atoms in the ring system, and Gfe stands 
for phenyl which can be substituted one to three times with Ci^alkyl, hydroxy, C«r 
Cscycloalkyl and/or a heterocyclic ring system having from 5 to 9 ring atoms selected from 
C f S, O and IM, with at least 2 carbon atoms in the ring system, such as compounds of the 
formula X wherein the H at the C-atom in a-posftion to R can be split off by Irradiation. 

Halogen means f luoro. chloro. bromo, or iodo. preferably chloro- 

It is furthermore preferred that at least one of R 2 and Ro Is in o-position to the OH-group, 

C-Czz-allvl means, for example, methyl, ethyl, n-, t-propyl, n- T sec.-, iso-, teit-butyl, n- 
pentyl, tert-pentyl. n-hexyl, n-heptyl, n-octyl, tert-octyl, n-nonyl. n-decyf, n-undecyl, n- 
dodecyl, n-trideeyl n-tetradecyl. n-pentadecyl, n-hexadecyl, n-heptadecyl, n-odadecyl, rv 
nanadecyf, n-eicosyL 
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CyCzo-alkenyl stands for e.g. ethenyl, rv, 1-propenyl, n-, sec.-, iso-, tert.-butenyl, n-pentenyl. 
n-hexenyl, n-heptenyl, n-octenyl, n-nonenyl, n-decenyl, n-undecenyi, n-dodecenyl, n- 
tridecenyl, n-tetradecenyl, n-pentadeeenyl, n-hexadecenyl, n-heptadecenyi. n-octadecenyl, 
n-nonadecenyl, n-eicosenyl, preferably Ca-ftralkyl such as ethenyl, n-, i-prepenyl, n-, sec-, 
iso-, tert.-butenyl, n-pentenyl, n-hexenyi. 

Ce-CrcycJoalkyl stands for cyclopentyl. cydohexyl. cycloheptyl, or cydooctyl, preferably 



DK tri- or tetravalent residues may be derived from the corresponding monovalent units, . 
e.g. those listed above, by abstraction of 1 , 2 or 3 further hydrogen atoms. 

d-Ce-alkoxy stands for e.g. methoxy, ethoxy, n-, i-propoxy. n-, sec.-.' iso-. tert-butoxy, n- 
pentoxy, n-hexoxy. 

Ca-C^lkanoyloxy indudes, for example acetyloxy, propionyloxy; C-O^lkenoyloxy in- 
cludes aciyloyloxy. methacryloykray. 

Polymeric material useable for the present invention is preferably synthetic organic poly- 
meric material, for example material commonly used for electronic applications. 

In particular the following polymers are preferred: 

1. Polymers of monoolefins and diolefms. for example polypropylene, polyisobutylene. po- 
lybut-1-ene, poly^-methylpent-l-ene, polyvinylcydohexane, polyisoprene or polybutadiene. 
as well as polymers of cycloolefins. for instance of cydopentene or norbornene. polyethyl- 
ene (which optionally can be crosslinked), for example high density polyethylene (HDPE). 
high density and high molecular weight polyethylene (HDPE-HMW). high density and ultra- 
high molecular weight polyethylene (HDPE-UHMW), medium density polyethylene (WIDPE). 
low density polyethylene (LDPE). linear low density polyethylene (LLDPE), (VLDPE) and 



cydohexyl. Examples for di- or tricycloalkyl groups are bicydoheptyl or 




(ULDPE). 
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Polyolefins. Kb. the polymers of monoolefin© exemplified in the preceding paragraph, prefe- 
rably polyethylene and polypropylene, can be prepared by different, and especially by the 
following, methods: 

a) radical polymerisation (normally under high pressure and at elevated temperature). 

b) catalytic polymerisation using a catalyst that normally contains one or more than 
one metal of groups (Vb, Vb, Vlb or VIII of the Periodic Table. These metals usually 
have one or more than one ligand, typically oxides, hafides, alcoholates, esters, 
ethers, amines, alkyls, alkenyis and/or aryls that may be either it- or a-coordinated. 
These metal complexes may be In the free form or fixed on substrates, typically on 
activated magnesium chloride, titanium(lll) chloride, alumina or silicon oxide. These 
catalysts may be soluble or insoluble in the polymerisation medium. The catalysts 
can be used by themselves in the polymerisation or further activators may be used, 
typically metal alkyls. metal hydrides, metal alkyl halides, metal alky! oxides or me- 
tal alkyloxanes, said metals being elements of groups la. Ha and/or lila of the Pe- 
riodic Table. The activators may be modified conveniently with further ester, ether, 
amine or silyl ether groups. These catalyst systems are usually termed Phillips, 
Standard Oil Indiana, Ziegler (-Natta), TNZ (DuPont). metallocene or single site ca- 
talysts (SSC). 

2. Mixtures of the polymers mentioned under 1), tor example mixtures of polypropylene 
with polyisobutylene, polypropylene with polyethylene (for example PP/HDPE, PP/LDPE) : 
and mixtures of different types of polyethylene (far example LDPE/HDPE). 

3. Copolymers of rnonoolefins and diolefins with each other or with other vinyl monomers, 
for example ethylene/propylene copolymers, flnear low density polyethylene (LLDPE) and 
mixtures thereof with low density polyethylene (LDPE), propylene/but-1-ene copolymers, 
propylene/lsobutylene copolymers, ethylene/but-1-ene copolymers, ethylene/hexene copo- 
lymers, ethylene/methylpentBne copolymers, ethylene/heptene copolymers, ethyl- 
ene/octene copolymers, ethylene/wnylcyclohexane copolymers, ethylene/cycloolefin co- 
polymers (e.g. ethylene/norbomene like COC), ethyIene/1-olefins copolymers, where the 1- 
otefin is generated in-situ; propylene/butadiene copolymers, isobutylene/isoprene copoly- 
mers, ethylene/vinylcyclohexene copolymers, ethylene/alkyl acrylate copolymers, ethyt- 
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ene/alkyl methacrylate copolymers, ethylene/vfnyl acetate copolymers or ethyfene/acryilc 
acid copolymere and their salts (ionomers) as wall as terpolymere of ethylene with propyl- 
ene and a dlena such as hexadiene, dteydopentadiene or ethylidene-norbomene; and mix- 
tures of such copolymers with one another and with polymers mentioned In 1) above, for 
example polypropytene7ethylene-propylene copolymers, LDPEfethylene-winyl acetate co- 
polymers (EVA), LDPE/ethyleneecryOc acid copolymere (EAA), LLDPE/EVA. LLDPE/EAA 
and alternating or random polyaikylene/carbon monoxide copolymers and mixtures thereof 
with other polymers, foj.example polyamides. 

4. Hydrocarbon resins (for example Cs-C B ) including hydrogenated modifications thereof 
(e.g. tackffiers) and mixtures of polyalkylenes and starch. 

Homopolymers and copolymers from 1.) - 4.) may have any stereostructure including syn- 
diotactic, isotactic, hemWsotactic or atactic; where atactic polymers are preferred. Stereob- 
lock polymers are also included. 

5. Polystyrene, poly(p-methylstyrene), poly(a-methylstyrene). 

6. Aromatic homopolymers and copolymers derived from vinyl aromatic monomers delud- 
ing styrene, cc-methylstyrene, all isomers of vinyl toluene, especially p-vlnyltoluene, all Iso- 
mers of ethyl styrene, propyl styrene, vinyl biphenyl, vinyl naphthalene, and vinyl anthra- 
cene, and mixtures thereof. Homopolymers and copolymers may have any stereostructure 
including syndiotactic, isotactic, hemHsotactic or atactic; where atactic polymers are pre- 
ferred. Stereoblock polymers are also included. 

6a. Copolymers including aforementioned vinyl aromatic monomers and comonomers se- 
lected from ethylene, propylene, dienes, nitrites, acids, mateic anhydrides, mateimidea, vinyl 
acetate and vinyl chloride or acrylic derivatives and mixtures thereof, for example sly- 
rene/butadlene, styrene/acrylonltrile. styrene/ethytene (interpolymers), styrenefalkyl 
methacrylate, styrene/butadTene/alkyl acrylate, styrene/butadiene/alkyl methacrylate, sty- 
rene/malelc anhydride, styrena/acrylonitrile/methyl acrylate: mixtures of high impact strength 
__of styrene jropolyme^^ 
an ethylene/propylene/diene terpolymer, and block copolymers of styrene such as sty- 
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rene/butadiene/styrene, styreneAsoprene/styrene, styrene/ethylene/butylene/styrene or sty- 
rene/ethylene/prapylene/styrene. 

6b. Hydrogenated aromatic polymers derived from hydrogenation of polymers mentioned 
under 6.). especially including polycyclohexylethytene (PCHE) prepared by hydrogenatong 
atactic polystyrene, often referred to as polyvinylcyclohexane (PVCH). 

60. Hydrogenated aromatic polymers derived from hydrogenalion of polymers mentioned 
under 6a.). 

Homopolymers and copolymers may have any stereostnicture including syndiotactic, isotac- 
tic hemWsotactic or atactic; where atactic polymers are preferred. Stereoblock polymers are 
also included. 

7. Graft copolymers of vinyl aromatic monomers such as styrene or ct-metrtylstyrene, for 
example styrene on polybutadiene, styrene on polybutadiene-styrene or polybutadlene- 
aerylonitrile copclymere; styrene and acrylonitrile (or methecrylonitrile) on polybutadiene; 
styrene, acrylonitrile and methyl methacrylate on polybutadiene; styrene and maleic anhy- 

■ dride on polybutadiene; styrene, acrylonitrile and maleic anhydride or matelmide on polybu- 
tadiene; styrene and maleimida on polybutadiene; styrene and alkyl acrylates or methacry- 
lates on polybutadiene; styrene and acrylonitrile on ethylsne/propylene/diene teipolymers; 
styrene and acrylonrtrile on polyalkyl acrylates or polyalkyl methacrylates, styrene and acry- 
lonitrile on acrylate/butadiene copolymers, as well as mixtures thereof with the copolymers 
listed under 6), for example the copolymer mixtures known as ABS, MBS. ASA or AES 
polymers. 

8. Halogen-containing polymers such as polycMoroprene, chlorinated rubbers, chlorinated 
and brominated copolymer of isobutylene-isoprene (halobutyl rubber), chlorinated or sulto- 
chlorihated polyethylene, copolymers of ethylene and chlorinated ethylene, epichlorohydrin 
homo- and copolymers, especially polymers of halogen-containing vinyl compounds, for ex- 
ample polyvinyl chloride, polyvlnylidene chloride, polyvinyl fluoride, potyvinylidene fluoride, 
as well as copolymers thereof such as vinyl chloride/vinyHdene chloride, vinyl chloride/vinyl 
acetate or vinylidene chloride/vinyl acetate copolymers. 



* 
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9 Polymers derived from «,iUinsaturated acids and derivatives thereof such as polyacry- 
tetes and polymethacrylates; polymethyl melhacrylates, polyacrylamides and polyacryton*- 
triles, impact-modified with butyl acrylate. 

10 Copolymers of the monomers mentioned under 9) with each other or with other unsatu- 
rated monomer for example acrylonrtrite/ butadiene copolymers, acrylonitrilefclkyl acrylate 
copolymers, acrylonitriie/alkoxyalkyl acrylate or acrylonltrile/vinyl halide copolymers or acry- 
lonltrile/ alkyl metnacrylate/bjtitadiene terpolymers. 

1 1 Polymers derived from unsaturated alcohols and amines or the acyl derivatives or ace- 
tals thereof, for example polyvinyl alcohol, polyvinyl acetate, polyvinyl stearate, polyvinyl 
benzoate, polyvinyl mateate, polyvinyl butyrat. polyallyl phthalate or polyaltyl meiamine; as 
wen as their copolymers with olefins mentioned In 1 ) above. 

12. Homopolymers and co P o«ymers of cyclic ethers such as polyalkylene glycols, polyethy- 
lene oxide, polypropylene oxide or copolymers thereof with bisglyddyl ethers. 

13 Polyacetals such as polyoxymethylene and those polyoxymethylenea, which contain 
ethylene oxide as a comonorner. polyacetals modified with thermoplastic polyurethanes. 
acrylates or MBS. 

14. Polyphenylene oxides and sulfides, and mixtures of polyphenylene oxides with styrene 
polymers or polyamides. 

15 Polyurethanes derived from hydroxy«erm.nated polyethsrs. polyesters or polybutadi- 
enes on the one hand and aliphatic or ammatic polyisocyanates on the other, ae well as 
precursors thereof. 

16. Patyan*** and capdyanrfda* fron, diamine* and ***** 

torn anlnacarbaxyTK ao*a ar .he aanaspondlng lac*™. «>• sample po*anl* 
^ 8. po,»amida 6/6. 6H0. 6/9. 6*2. 4/6, « Myamida 11. paVamlda 12. arcmata 

and Kop^KC odand terapn** a* .and w«h ar .£* .. *• 
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ly-m-phenylene isophthalamide; and also block copolymers of the aforementioned poly- 
amldes with polyolefina, olefin copolymere. lonomeis or chemically bonded or grafted ela- 
stomers; or with polyethers, e.g. with polyethylene glycol, polypropylene glycol or polytetra- 
methylene glycol; as well as polyamldes or copofyamldes modified with EPDM or ABS; and 
polyamides condensed during processing (RIM polyamide systems). 

17. Polyureas, polyfmldes, polyamide-imides, polyetherimlds, potyesterimids, polyhydanto- 
ins and polybenzlmidazoles. 

1 B. Polyesters derived from dicarboxylic adds and dials and/or from hydroxycarboxylic ac- 
ids or the corresponding lactones, for example polyethylene terephfhalate. polybutylene 
terephtfialate, poty-1,4-dimethylolcyclohexane terephthalate, polyalkylene nephthalata 
(PAN) and polyhydroxybenzoates, as well as block copolyether esters derived from hy- 
droxy Merrninated polyethers; and also polyesters modified with polycarbonates or MBS. 

19. Polycarbonates and polyester carbonates. 

20. Polyketones. 

21. Polysulfones, polyether sulfones and polyether ketones. 

22. Crossllnked polymers derived from aldehydes on the one hand and phenols, ureas and 
melamines on the other hand, such as phenoWformaldehyde resins, urea/formaldehyde re- 
sins and melamine/formaldehyde resins. 

23. Drying and non-drying alkyd resins. 

24. Unsaturated polyester resins derived from copolyesters of saturated and unsaturated 
dicarboxylic acids with polyhydric alcohols and vinyl compounds as crosslinking agents, and 
also halogen-containing modifications thereof of low flammability. 

25. Ciosslinkable acrylic resins derived from substituted acrylates, for example epoxy aery- 
lates, urethane acrylates or polyester acrylates. 
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26. Alkyd resins, polyester resins and acrylate resins crosslinked with melamine resins, 
urea resins, isocyanates, isocyanurates, polylaocyanates orepoxy resins. 

27. Crosslinked epoxy resins derived from aliphatic cydoaliphatic heterocyclic or aromatic 
glycidyl compounds, e.g. products of diglycidyl ethers of bisphenol A and folsphenol F, 
which are crossfinked with customary hardeners such as anhydrides or amines, with or with- 
out accelerators. 

28. Natural polymers such as cellulose, rubber, gelatin and chemically modified homolo- 
gous derivatives thereof, for example cellulose acetates, cellulose propionates and cellu- 
lose butyrates, or the cellulose ethere such as methyl cellulose; as well as rosins and their 
derivatives. 

29. Blends of the aforementioned polymers (polyblends), for example PP/EPDM, Pory- 
amide/EPDM or ABS, PVC/EVA, PVC/ABS, PVC/MBS, PC/ABS, PBTP/ABS, PC/ASA, 
PC/PBT. PVC/CPE, PVC/acrylates, POM/thermoplastic PUR, PC/thermoplastic PUR, 
POIWacrylate, POM/MBS, PPO/HIPS, PPO/PA 6.6 and copolymers, PA/HDPE, PA/PP. 
PA/PPO, PBT/PC/ABS orPBT/PET/PC. 

Preferred organic polymeric materials are synthetic thermoplastic materials, especially 
transparent ones. 

Especially preferred is organic polymeric material made of SAN (copolymer made of styrene 
and acrylonltrile), polyolefin such as PP (polypropylene) orPE (polyethylene), PVC (polyvl- 
nylchloride), polychlorobutadiene, polyesters such as PET (polyethyleneterephthalate), 
PET-G (glycol modified PET), PMMA (polymethylmethacrylate) and related polyacrylics, PS 
(polystyrene). ASA (copolymer made of acrylonhrile, styrene, acrylate). PA (polyamide), 
ABS (copolymer made of acryfonitrile, slyrene. butadiene), LLDPE (linear LDPE), LDPE 
flow density polyethylene). HDPE (high density polyethylene) and polycarbonate, most 
preferably polycarbonate. The polymeric material can also be a mixture (blend) of two or 
more polymers, e.g. polyester or PET-G/polycarbonate blends. Most preferred are transpar- 

ent articles madefrom polycarbonate, polyester. PETrG. polyester.or.PET^G blends_with 

polycarbonate, PVC, PE, PP, polyacrylics, polystyrene, such as films or sheets of these 

- - - polymers or blends or alloys thereof. — — - - - 




The colour forming compounds are, for example, triphenylmethanes, lactones, benzoxazi- 
nes. spiropyrana or preferably fluorans or phthatides. 

Suitable colour formers include but are not limited to: 3-dibutylamino-7- 
dibenzylarrfmofluoran, 3-diethylamino-6-methylfluoran, 3-dimethylamino-6-methyl-7- 
anillnofluaran, 3-dtethylamino^-methyl-7-anilinofiuoran, 3-cnethylamino-6-methyl-7-^,4- 
dimethylanilino) fluoran, 3HdiethylajngnjH&4ne^ 3-diethylamIho-6-methyl- 
7~(3-trifluoromethylanilino) fiuonan, 3<liethylamino-6-methyl-7-(2H=hioioanilino) fluoran, 3- 
diethylamino-6-methyl-7-(4-chloroanilino) fluoran, 3-diethylamino-6-methyl-7-(2- 
fluoroanilino) fluoran, 3-diethylamlno-6-methyl-7-(4-n-octylanilino) fluoran, 3-diethylamino-7- 
<4-n-octylanilino) fluoran, 3-diethylamino-7-(4-n-odylamino) fluoran, 3-diethylamino-G- 
methyl-7-<dibenzylBrnlno) fluoran, 3^1ethylamlno-7-<dlbenzylamlnQ) fluoran, 3-diethylamino- 
6-chloro-7-msthylfluoran, 3-diethylamino-7-t-butylfluoran, 3-diethylamino-7- 
carboxyethylfluoran, 3-diethyiamlno-6-chloro-7-anilinofluoran, S^emylamino^-methyl^fS- 
methylanilino) fluoran. 3^ie*hylammo-e-methyl-7-(4-methyIanilino) fluoran, 3-diethylamino- 

6- ethoxyethyl-7-anttinofluoran, 3-diethyIamIno-7-methy1fluoran, 3-dletnylamlno-7~ 
chlorofluoran, 3-diethylamino-7-{3-trif!uommBthyianilino) fluoran, 3-diethylamino-7-(2- 
chloroanilino) fluoran, 3-diethylamino-7-(2-fluoroanilino) fluoran, 3-diethylamino-benzo[aJ 
fluoran, 3-diethylamino-benzo[c] fluoran, 3-dibutylamino-6-methyl fluoran, 3-dlbutylamino-6- 
methyl-7-aniJinofluoran, 3-dibutylamino-6-methyl-7-(2,4Hdimethylanilino) fluoran, 3- 
dibutylamino-fl-methyl-7-(Z-ohloroanilino) fluoran. 3-dibutylamlno-6-methyl-7-(4- 
chloroanilino) fluoran, 3HSibu^arnino-6-methyl-7-(2-fIuoroan!lino) fluoran, 3-dibutylarnino-6- 
methyl-7-(3-trifluoromethylanilino) fluoran, 3-dibu1ylamino-B-ethoxyethyl-7-anilinofluoran, 3- 
dibutylamino-6-chIon>-anilinofluoran. 3^ibutylamino^-melhyl-7-(4-melhylanilino) fluoran, 3- 
dlbutylamino-7-(2-chloroaniIino) fluoran, 3-dibutylamino-7-(2-41uoroanlllno) fluoran, 3- 
dventylamino-6-rnethyl-7-anillnofluoran, 3-diperrtylamino-6-memyl-7-(4-a-chloroanilino) 
fluoran, 3-dipen^lamino-7-^-trifluoromathylanilino) fluoran, 3^ipentylamino-6-chloro-7- 
anillnofluoran, 3-dipentylamino-7-(4-<5hloroanilino) fluoran, 3-pyrrolldino-S»msthyl-7- 
antlinofluoran, 3-piperidino-6-methyl-7-anilinofluoran, 3-(N-mQthyl-N-propylamino)-6-rnethyl- 

7- anilinofluoran, 3-(N-me1hyI-N^yclohBxylamino)-^ 3-(N-ethyl-N- 
cyclohexylamino^S^nethyl-7-anillnofluoran. 3-(N^thyh»-toluIdlno)-6-methyl-7-anninofluoran, 
3^^thyl-N-isoamytamino)^mettiy1^ 

7-anilinofluoran, 3KN^thyl-N^trahydroforfunylam 3-(N-ethyl- 
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NWsobutylamino)-6-mBthyI-7-anilinofluoran, 3-(N-fautyl-N-isoamyIamina)-6-methyl-7- 
anllinofluoran. 3-(ISHsopropyl-N^i^tylamino)-d-meUiyl-7-an!lincrfluoran > 3-(N-ethyl-N- 
elhoxypropylamIno)-6^nethyl-7-anilinofluoran, 3-cydohexylamino-6-chlorof)iJoran, 2-methyl- 
6-p-(p-dimethylaminophenyl)aminoaniI!nofluomii. 2Hmethoxy-e-p-(p- 
dlmethylaminophenyl)amlnoanillnofluoran.2<hloro-3^ethyl^i><p- 
phenylamlnophenyOamfnoanninofluoran, 2<ltethylamlno-6-p-(p-£lImethylaminopheny])- 
amlnoanilinofluoran, 2H>henyl-8^ethyl^p-(p-phenyIarrtnophenyl)arninoaninnof luoran, 2- 
banzyl-6-p-(pH3henylanfiinophenyl)aminoanilinofluofan. 3-mathyl^^p^imelhylaiTrfno- 
phenyl)aminoanilinof!uoran, 3<liethylamino-B^(p-dfelhylamlnophenyDamlnoanilinofluonan. 
3<fiethy1amtno-«^-(p^ibutylantinophenyl)aminoanilinofluorari, 2,4-dlmethyl-6-[(4- 
dimethylamino)anilino] fluoran, 3,6,6-tris(dJmethylamino)spIro[fluorenB-9,3 , -phthalide], 
3,e,e , -tris(dIethylamino)spiro[fluorene-9.3 , -phthalide], 3,3-bte{p-dime4hytaminophenyD*fl- 
dimelhylaminophthalide, 3.3-bls(p-dfmethylaminophenyJ)phlhalide, 3 r 3-bis-[2-(p- 
dime1hylamlnopheny0-2-(>methoxyphenyl)ertte^ 
3,3-bis-PKp<linrettytamInopheny1)-2^ 

tetrachlorophthalide, 3,3-bfe[1.1-bIs(4-pyiTolidinophenyl)athylBrt6-2-ylH.5,6,7- 
tetrabromophthalide, 3,3-bia-t1-(4-methoxypheny!)-1-(4-pyrridinophenyl)ethylene-2-yI]- 
4,5,6J^etrach!orophtha1ide 1 3-(4^iethy^^ 

ylH-azaphthalida, 3-(4-diethylamino-2-ethoxyphenyl)-3-(1 K?tfyl-2^ethylindole-3-yl>4- 
azaphthaliden, 3^4-cyclohexytethylamino-2Hmetho^ 

4-azaphthalide, 3,3-bis(1-ethyl-2-melhylindole-3-yl> phihalide, 3,3-bis(1-octyl-2- 
methylindole-3-yl) phthalide, mixture of 2-phenyl-4-(4-diethylaminophenyl)-4-<4- 
methoxyphenyl)-6^Bthyl-7-diniethylamJno-3,1-bert20xazine and 2-phenyl-4-(4- 
diethylaminophenylMK4H^thoxyphenyQ^^ 4,4'- 
[1-methytetliylldBne)bis(4,1iJhenylBn60^^ 
bis(N-methyldlphenyIamlne)-+7KN-butyJcarbazol©>-3-yl-nf»ethane. 

Especially piefened f luoran compounds are 3-(4-dfethyIamlno-2-ethojQrpheny1)-3-(1-ethyl-2- 
methylindole-3-yl)-4-a2aphthalide, 3-(4-diethy lamino-2-ethoxyphenyl>3-(1 -OCtyl-2- 
methyBndo!e^y!H'^phthalide,3-(4-^ 

2-methylindole-3-yl)-4-azaphtha1ide, 3.3-bis(l-ethyl-2-mBthylindole-3-yD phthalide, 3,3-bte(1- 

otfyl-2^ethylindole^yDpMhal'de,.mi^^ 

methoxyphenyl>^-^temy^7^lmethylaITlino-3,1-l)enzoxarine and 2-phenyl-4-(4- 

tfBUiylamInoplwnyl)-4-(4-iTra^ 4 - 4 '~ - 
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[1^emylethylIdenBjbis(4.1iahenylen80^ 

bis(r+™etnyldiphBnytamirie)-4-M 3-methyl-8-p-(p- 
ciimethylaminophenyl)amlnoanilinofl^^ 

phenylJaminoaniDnofluoran, 3^!ethylarnmc^p-(p-dibutylamino^^ 
2,4<llmethyW-K4-dimethytemino)aninno]fluoran l 3,6 1 6-tris(dimsthyla 
9,3'-phthalide], 3,6,6-iris(diethylamino)spirojnuoren8-8,3 , -phthalide], 3,3-bisCp- 
dimBthyIaminophenyl)-&diniethylaniinpphthalide, 3>blB(p-dimethytaminophsnyl)ph1haHde, 
2Kiiethylamino^p-(p-dim6thyIarninophenyl)aminoanilinofluoran, 3-dibutylamjno-8-msthyi-7- 

(N^miylmethylamira^^ 

2^ethaxy^-(p~dimBihylBrt«nophenyl)amlnoaniIinofluoran, 3-(N-ethyl-N- 
ethoxypropylamino)^methyl-7-an!lino^ 

methyl-7-anilinofluoran, 3-(N^hyl4Nl-isobutylamino)-6^thyl-7-aniBnofluoran I 3-(N methyl- 
|^ropylamino)-oVnethyl-7-aniBno 

anllinofluoran, 3-(N-ethyl-N-cyclohBxylamino)-6-methy]-7-anillnofluoran, S-(N-ethyl-p- 
tDluidino)^6-methyl-7-anilinofluorqn, 3-(N-ethyl-N-l8oamylamino)-6-methyl-7-aniIinofluoran, 
3^ipentylamino-6-methyh7-anlllnofluoran,3-dfo^ 

dfethylamfno-7-methyKIuoran, 3-diethylamSno-7-t-butylfluQran, 3-diethylamino-7- 
carfcoxyethylfluoran. 3-diethyfamino-7-(dibenzylamino) fluoran, 3-dlbutylamino-7- 
dibenzylaminofluoran. 3-diemytamino-e-mettiyffliJoran, 3-dIethyterrar»-fr*nethyl-7-(4-n- 
octylanilino) fluoran. 3-djethylamino7-(4-n-octy!annino) fluoran, 3-diethytamino-7-<4-n- 
octylamino) fluoran. 

The above colour forming compounds may be used as single compounds or in combination 
with each other or further colour forming compounds. 



Some preferred colour formers are shown in the following table: 
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yellow 



The polymeric material usually contains 0.001 to 1 0% by weight, preferably 0.01 to 5% by 
weight of the phenolic antioxidant and/or phenolic UVA. Of special technical importance is a 
loading of about 0.3 to 3% by weight of the phenolic antioxidant and/or phenolic UVA (ail 
weight percentages relative to the total weight of the polymeric material). The polymeric ma- 
terial can contain mixtures of two or more of the phenolic antioxidant and/or phenolic UVAs. 

The amount of colour former in the polymeric material usually is in the range of about 0.001 
to 10% by weight, most preferably 0.01 to 5% by weight of the colour former with respect to 
the total weight of the polymeric material. The polymeric material can contain mixtures of 
two. or more cplqur fpnnriers. „ 



The ratio of phenolic antioxidant and/or phenolic UVA (e) to colour fonner (b) can e.g. be in 
the range of 0.01 to 100 parts of colour former (b) per part of phenolic antioxidant and/or 
phenolic UVA (a): most preferred is about 0.1 to 10 parts of colour former (b) per part of 
phenolic antioxidant and/or phenolic UVA (a). 

The polymeric material, the colour former and the phenolic antioxidant and/or phenolic UVA 
usually form a homogenous mixture. For specific applications, however, compositions can 
be made in which 1he phenolic antioxidant and/or phenolic UVA and the colour former are 
enriched in a part of the polymeric material, e.g. in the surface areas. 

The components of the invention and optional further additives may be added to the poly- 
mer material individually or mixed with one another. The incorporation of the components of 
the invention and optional further components into the polymer is earned out by known 
methods such as dry blending in the form of a powder, or wet mixing in the form of solu- 
tions, dispersions or suspensions for example in an inert solvent, water or oil- The additives 
of the invention and optional further additives may be incorporated, for example, before or 
after molding. They may be added directly into the processing apparatus (e g. extruders, in- 
temai mixers, etc), e.g. as a dry mixture or powder or as solution or dispersion or suspen- 
sion or melt. 

The incorporation can be earned out in any heatabte container equipped with a stirrer, e.g. 
in a closed apparatus such as a kneader, mixer or stirred vessel. The incorporation is pref- 
erably carried out in an extruder or in a kneader. It Is immaterial whether processing takBS 
place in an inert atmosphere or in the presence of oxygen. The process is preferably carried 
out in an extruder by introducing the additive during processing. 

Particularly preferred processing machines are single-screw extruders, contrarotating and 
corotating twin-screw extruders, planetary-gear extruders, ring extruders or cokneaders. It is 
also possible to use processing machines provided with at least one gas removal compart- 
ment to which a vacuum can be applied. 

Suitable extruders and kneaders are described, for example, in Handbuoh der Kunststofrex- 
tmsion. Vol. 1 Grundlagen, Editors F. Hensen, W. Knappe, H. Potente, 1$$9, pp. 3-7, 
ISBN:3-446-1 4339-4 (Vol. 2 Extrusionsanlagen 1986, ISBN 3-446-14329-7). 
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For example, the screw length Is 1 - 60 screw diameters, preferably 35-48 screw diameters. 
The rotational speed of the screw is preferably 10-600 rotations per minute (rpm), very 
particularly preferably 25 - 300 rpm. 

The maximum throughput is dependent on the screw diameter, the rotational speed and the 
driving force. The process of the present invention can also be carried out at a level lower 
. than maximum throughput by varying the parameters mentioned or employing weighing ma- 
chines delivering dosage amounts. 

If a plurality of components are added, these can be premlxed or added Individually. 

One or more components of the invention and optional further additives can also be 
sprayed onto the polymsr material. They are able to dilute other additives {for example the. 
conventional additives indicated betow) or their melts so that they can be sprayed also to- 
gether with these additives onto the material. Addition by spraying during the deactivation of 
the polymerization catalysts may be particularly advantageous; in this case, the steam 
evolved may be used for deactivation of the catalyst. In the case of spherically polymerized 
polyolefinB it may, for example, be advantageous to apply the additives of the invention, op- 
tionaHy together with other additives, by spraying. 

The components of ihe invention and optional further additives can also be added to the. 
polymer in the form of a masteibatch (-concentrate") which contains the components in a 
concentration of, for example, about 1 % to about 40% and preferably 2 % to about 20 % 
by weight Incorporated in a polymer. The polymer must not be necessarily of identical struc- 
ture than the polymer where the components are added finally. In such operations, the 
polymer can be used in the form of powder, granules. soluUons, suspensions or in the form 
of latices. 

Incorporation can take place prior to or during the shaping operation, or by applying the dis- 
solved or dispersed compound to the polymer, with or without subsequent evaporation of 
the solvent In the case of elastomers, these can also be stabilized as latices. A further pos- 
sibility for incorporating the components of the invention into polymers is to add them be- 
fore, during or directly after the polymerization of the corresponding monomers or prior to 
crosslinking: Inlhis contexHhexomponents of-the invention can-be addedas it is or etee-in. 
ancapsulated form (for example in waxes, oils or polymers). 




The materials containing the components of the invention described herein ana preferably 
used for the production of plastic articles such as moldings, rotomolded articles, injection 
molded articles, blow molded articles, films, tapes, mono-filaments, fibers, textiles, nonwov- 
ens r profiles, but also for the production of adhesh/es or putties, surface coatings and the 
Eke. Transparent materials are especially preferred. 

Depending on the irradiation source used, the invention provides a method for inducing uni- 
form coloration or coloration of specific regions of the polymeric article. Thus, uniformly col- 
oured materials may be obtained as well as labeled articles or images on or in the article. 

It is e. g : possible, to dissolve the components in a solvent and the to remove the solvent by 
evaporation. Another possibility is to melt polymeric material together with the colour former 
and the phenolic antioxidant and/or phenolic UVA to get a homogeneous mixture or to thor- 
oughly knead a mixture of polymeric material, colour former and phenolic antioxidant and/or 
phenolic UVA. 

In another embodiment, the phenolic antioxidant and/or phenolic UVA is grafted on the 
polymer material by meanB known in the art. E.g. the phenolic antioxidant (a) is previously 
converted into a monomer, i.e. by incorporating a functional group of suitable reactivity, or a 
monomer is used which is functionalized with a phenolic antioxidant group <e.g. present 
compounds Nos. 129 or 130). This allows a graft polymerization on the existing polymeric 
material or a copolymerizatfon during the manufacturing the polymeric material. 

The polymeric material can contain further Ingredients, e.g. stabilizers, antioxidants, soften- 
ers etc. as are commonly used for polymeric material, examples are listed below. 

1 . Further P henolic Antioxidants 

such as alkylated monophenote, alkytthiomethylphenols, hydroquinones and alkylated hy- 
droquinones, tocopherols, for example p-tocophercf, y-tocopherol, ^-tocopherol and mix- 
tures thereof (vitamin E); hydroxylated thiodiphenyl ethers, alkylidenebisphenols, O-, N- and 
S-benzyl compounds, hydroxybenzylated malonates, aromatic hydroxybenzyl compounds, 
triazine compounds, benzyiphosphonates, acylaminophenols, esters of 0-{3,5-d!-tert-butyl- 
4-hydroxyphenyl)propionic acid with mono- or polyhydric alcohols, esters Of 0-<£-teiM>u1jM- 
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hydroxy-3-methylphenyl)propfonic acid with mono- or polyhydric alcohols, esters of p-(3.5- 
dicyciohexyM-hydroxyphenyl)proplonic acfd with mono- or polyhydric alcohols, esters of 
3,5-di-tert-birtyl-4-hydroxypheny! acetic acid with mono- or polyhydric alcohols, amides of P- 
(3,5-di-tert-bulyl-4-hydroxypheny0propionlcacid. ascorbic acid (vitamin C). 

1.2. Amlnic antioxidants, for example N.N'-di-isopropyl-p-phenylenediamine, N.N'-di-sec-bu- 
tyl-p-phenyienediamine, N,N'-tois(1 ,4-dimethylpentyl)-p-phenytenediamfris, N,N'-bis(1-ethyl* 

3- methylpentyl)-p-phenytenediam^ N,N'- 
oleyctohexyl-p-phenylenediamine, riN'-diphenyl-p-phenylenediamtne, N,N'-bis(2-naphthyl)- 
p-phenylenediamine. N-isopropyl-N*-phenyl-p-pheriylenedianilnB, N<1 ,3-dimethylbutyl)-N'- 
phenyi-p-phBnylenedtamine, N-(1 -methylheptyO-N'-phenyl-p-phenylenediamine. N-cyclo- 
hexyl-N'-phenyl-p-phenylenediamine, 4-(p4oluenesulfamoyDdiphenylamine, N.N'-dimathyl- 
N.N'-di-sec-butyl-p-phenylenediamine, diphenylamine, N-allyldiphenylamine, 4-isopropoxy- 
diphenylamine. N-phenyH-naphthylamine, N-(4-tert-oclylpheny0-1-naphthylamine, N-ph&- 
nyl-2-naphthyIamine, octylated diphenylamine. for example p.p'-di-tBrt-octyldiphenylamine, 

4- n-butylaminophenol, 4-butyrylaminophenol, 4-nonanoylaminaphenol, 4-dodecanoyl- 
aminophenol, 4-octadecanoylaminophenol, bis{4-methoxyphenyl)arnine. ^B-di-tert-butyM- 
dimethylaminomethylphenol, 2,4'-diamlnodiphenylmethane, 4,4'-diaminodiphBnylmBthane, 
N.N^'.lsr-tetramethyM^'-diaminodiphenylmethane. 1,2-bisK2-methylphenyl)amino]ethane, 
1 1 2-bis(phenylamino)propane, (o-tolyl)biguanida. bis[4-(1 \3'^imethylbutyl)phenyl]amine, 
tert-octylated N-phenyl-1-naphthylamine. a mixture of mono- and dialkylated tert-butylAtert- 
octyldiphenylamines, a mixture of mono- and dialkylated nonyldiphenytaminea, a mixture of 
mono- and dialkylated dodecyldiphenylamines, a mixture of mono- and dialkylated isopro- 
pyl/isohexyldiphenylamines, a mixture of mono- and dialkylated tert-butyldlphenylamines, 
2,3-dihydro-3,3-dimethyl-4H-1,4-ben20thia2ine, phenothiazine, a mixture of mono- and dial- 
kylated tert-butyl/tert-octylphenothiazBriBS. a mixture of mono- and dialkylated tert-octyl- 
phenothiazines, N-allylphenothiazlne, N,N,N\r«etraphenyl-1.4-diaminobut-2-ene. N.N-bis- 
(2,2,6,5-tetramethyl-piperid-4-yl-hexamethylenediamine, bis(2 I 2 F 6,6-tetramethylpiperid-4-yD- 
sebacate, 2,2,6 i e-tetramethylpiperidin-4-one. 2.2,6,6-tetramethylpipertdin-4-ol. 

2. UV absorbers and light stabilisers 

2.1. 2^2 > -Hvdroxvohenvnbenzotria2oles. for example 2-(2 , -hydroxy-S , -methylphenyl)benzo- 
. triazole, 2^5^i*enVbutylr2Miyjdro 
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nyllbenzotriazole, 2-p T -hydroxy-5W1,1,3.3-te^ 2-<^.5 f -di- 
tert-butyl-Z'^TydroxyphenylJ-S-chlorobenzotriazote, a-O'-tert-bulyl^'-hydrioxy-S'-methylphe- 
nyl)-5-chlorobBnzotriazbIe f 2^3^eo4>utyl-5^tert-butyI-2^ 2-(2'- 
hydroxy^'-octyloxyphenyflbenzotriazole, 2-(3\5'-<tf-tert-arnyk2V 
hydroxyphenyl)benzotriazole T 2-(3 r > 5 > -bis(a l a-dImettiylbenzyl)-2 > - 
hydroxyphenyl)b©nzotriazole f 2-(3'-tert*utyI-2'-hydroxy^^ 
S-chlorobanzotriazote, 2^3 , ^rt-buty^ , "[2^2-^thylh©xyloxy)cafbonylethyq-2v 
hydroxypheny))-5^lorobenzotriazole, 2^(3Mert-bulyl-2 , -hydroxy-5 , -{2- 
methoxycart)onylethyI)phenyl)-5-chIoroben20triazole, 2^3 , -tert-butyl^ , -hydraxy-5 , -(2-nrteth- 
oxycarbonylethyl)phanyl)benzotrtazo!e f 2-(3 , -tert-butyl^ , 4iydroj«y-5 i -(2-OC^Io>ycarbonyl- 
ethyl)phBnyl)benzotriazole, 2-(34ert4)Utyl^H[2^^ 

phenyl)benzotriazole, a^S'-dodecyl^'-hydroxy-ff-mBthylphenyObenzotrtazoter 2-(3'-tert- 
butyl-2Miydroxy-5H2Msooctyloxyw 2 T 2 , -methyrenebIs[4- 
(1 J,3 P 34etramethylbutyl)^*^nzctria20le-2-ylphenori; the transesrterification product of 2- 
[3^tert-butyl-5H2-methoxyM^ with polyethyl- 

ene glycol 300; [r— ch^Hji-COO-CH^Ch^ . when? R ■ S'-tert-butyW-hydroxy-S'-SH- 

benzotriazof-2-yIphenyi> 2^ 

phenyflbenzotrlazole; 2-R-hydroxy^ , -(1;1,3>tetramethylbutyl)-5'-(a ( a<nm 
nyl]benzbtriazoIe. 

2.2, 2-HvdroxvbenzoDhenones. for example ihe 4-hydraxy, 4-methoxy, 4-octyIoxy, 4-decyl- 
oxy, 4-dodecyloxy. 4-benzyloxy, 4 i 2 a ,4 i -trthydroxy and ^-hydroxy^^'-dimethoxy derivatives. 

2.3. Esters of substituted and unsubstituted benzoic acids , for example 44ert-butylphenyl 
salicylate, phenyl salicylate, octyJphenyl salicylate, dibenzoyl resorclnol, b!s(4-t©rt-bLrtylben- 
zoyl)resorcinol, benzoyl resorclnol, 2,4-di-tert-butylphenyl 3 7 5-di-tert-butyl-4-hydroxybenzo- 
ate, hexadecyl S^di-tert-butyl^-hydroxybenzoate, octadecyl 3,5-di-tert-butyI-4- 
hydroxybenzoate, Z-methyM^-di-tert-butylphenyl S.S-di-tert-butyl^hydroxybenzoate. 



2.4. Acrvlates. for example ethyl a-cyano-p.p-dlphenylaciylate. isooctyl a-cyano-p.p-diphe- 
nylacrylate, methyl a-oarbomethoxychnamate, methyl orcyano-p-methyl-p-methoxyclnna- 
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mate, butyl a-cyano-p-methyl-p-methoxydnnamat©, methyl arcarbomethoxy-p-methoxyctn- 
namate and N-(p-carfaometh6xy-^anovinyl)>2-methy«ndoline. 

2 g Ejjgte! Rompounds. for example nickel complexes of ZZMhiobis^l ,1 ,3.3-tetramefhyl- 
butyRphenol], such as the 1:1 or 1:2 complex, with or without additional Uganda such as n- 
butylamlne, triethanolamine or N-cyclohexyldlethanolamlne, nickel dlbulyldBhlocarbamate, 
nickel salts of the monoalkyl esters. e.g. the methyl or ethyl ester, of 4-hydroxy-3,5-di-tert- 
butylbenzylphosphonlc acid, nickel complexes of ketoxlmes, e.g. of 24iydroxy-4*nelhylphe- 
nylundecylketoxime, nickel complexes of l-phenyl-4Jauroyl^hydroxypyrazole, with or with- 
out additional ligands. 

5,6, stericallv hindered amines, for example bts(2,2,6.64etramethyl-4-piperidyl)sebacate, 
bis(2,2 I 6,©4etramethyl-4-piperidyl)succfnatB, bis(1,2,2,6,6-oentamethyl-4- 
piperidyl)sebacate. bis(1-octyloxy-2,2,6,e-tetramethyl-4-piperidyl)sebacate, bis(1 ,2,2,6,6- 
pentamethyM-piperidyO n-butyl-3,5-dl-tert-butyl-4-hydroxybenzylmalonatB, the condensate 
of i^^iydroxyelhyD^^.B.e-telramethyl^-hydroxypiperidinB and succinic add, linear or cy- 
clic condensates of N,N^bis(2,2,6,6^trame*yW-piperidyl)hexamethytenediBmine and 4- 
tert-octylamino-^S-dichlcnvl ,3.5-triazine. tris{2.2,e.64etraTnBmyM-piperidyl)nrtriloW^^ 
tetrakis(2.2,6,6-tetramethyM-p^^ 

ethanediyD-bisCS^.S.S-tetfamethylpiperazinone), 443 B nzoyi-2.2,6,6-tetramethylpipericllne, Ar 
steaiyloxy-2,2,6,6-tetramethylpip^ 

hydroxy-3,5-dhteit-butylbenzyl)malonate,3^-octyl-7,7,9,94etramethyl-1,3,B. 
tria2aspiro[4.5ldecane-2,4-d»one,bis(1-octyloxy-2,2,6,6-tetramemylp 
bls(1^ctyloxy-2 l 2.6,6-tetramethylpipBridyl)succinate, linear or cyclic condensaies of N»N'~ 
bi8(2,2,6 l 6-tetramethyM-piperidyl)hexamemylenediamineand4^omholino-2,6^i^ 
1 ,3,54riazine, the condensate of 2-chlore-4,6-bis(4-n-bUtylamino-2,2,6 > 6- 
tetramethylpiperidyl)-1,3 l 5-tn-azine and 1,2-bls(3-aminopropylamIno)ethane, the condensate 
of 2-chloro-t,e-dK4-n-butylamino-1 ^Ae^pBntamethylpipertdyO-l ,3.5-triazine and 1,2- 
bis(3-aminopropylamino)ethane, 8-«cetyl-3-dodecvl-7J.9,94etira^ 
triazaspirot4JJdecane-2,4-dione;3^^ 

2,5-dlone, 3-dodecyH-(1 ,2,2,6 1 6-pentamethyl-4-piperidy0pyrrolidlne-2.5-dione, 5-(2- 

_c*hylhexanoy0:oxyme^^ 

octadecanoyloxy-2,2,6 s 6-tetramethylpiperidine. 1 ,3,5-tris(N-cyclohexy1-N-(2,2.6,6- 
... tetramethylpiperazin-SronHHd^^ 1A5^(N^Ydohexyl.N-(1 ,2,2.6,6- ... 
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peniamethylpiper^n^iv^yOamlnoJ^triazine, the reaction product of 2,4-bls[(1- 
cydohexyloxy-2,23.e-pIperidirH^0birty^ with N.hP-bfe(3- 

aminopropyOethylenediamine), a mixture of 4-hexadeeyIoxy- and 4-stearyloxy-2,2.6,6- 
tetramethylpiperidine, a condensate of N.N'-bis(2,2.6.6-tetramethyl-4- 
plperldyl)hexamethy1enediamfne and 4-cydohexylamino-2,B-dlchloro-1,3 f 5^fia2ine, a con- :> 
danaate of 1 >bis(3-amirospropylamino)ethane and 2 > 4,6-trichloro-1,3 f Mriazine as well as 

4- butylamino-2 l 2,6.6-tetramethylplperidlne (CAS Reg. No. [136504-96-61); a condensate of 
1,6-hexanediamine and 2,4,6-4richloro-1 ,3,5-triazin© as well as N,N-dlbutylamine and 4~ 
butyfeminc-2,2.6,6-ielramemyIpiperidine (CAS Reg. No. [192268-64-7D; N-(2.2,6.6- 
tetramethyM-plperidyl)-n-dodecylsucclnlmide: N-(1,2,2,6.6-pentamethyl-4-piperidyl)-n- 
dodecylsuccinimide;2-undecyt-7J,9>teta 

5- (2-ethythexarioyl)oxymethyl-3,3,5-trimethyJ-2-morpholinone; a reaction product of 7,7.S,9- 
tetramBthyl-2-cycloundecyl--1-oxa-3,6-diaza-4-oxospiro-t4,51decane and eplchlorohydrin. 
1 l 1-bis(1,2,2,6.6^pentamethyM-pipenW^ 

fbrmyl»N,N , ^ls<2 r 2,6.6^letramethyt-4-piperidyI)hexamethylene^ a diester of 4- 
methoxymethylenemalonic add with 1 .2,2 > 6,6-pentamethyl-4-hydroxyplperidine, 
poly[melhylpropyl-3-oxy-4-(2.2,6,6-tBtrametriyl-4-pipert^ a reaction product of 

maleic acid anhydride-ot-olefin copolymer with 2,2.6,6-tetramethyl-4-amlnopiperidine or 
1,2£6,6-pentamethyl-4-am"mopiperidine. 

2.7. Oxamides. for example 4,4'-dioctyloxyoxanilide, ^'-diethoxyoxanilide. 2,2'-dioctyloxy- 

5,5 , Kli-tert-butoxaninde/2,2'^idodecyloxy^,5 , -di-tert-butoxanilide,2 

lide, N.N'-bistS-dimethylaminopropylJoxamlde, 2-ethoxy-5-tert-butyl-2^«thoxaniIide and its 

mixture with 2-ethoxy-2 , -elhyl-S,4 , sil-tert-butoxanillde. mixtures of o- and p-methoxy- 

dlsubstituted oxanilides and mixtures of o- and p-ethoxy-dteubstituted oxanilides. 

2.8. 2~(2-HvdroxvDhenvh-1 3.5-triazines. for example 2,4 r 6-tris(2-hydroxy-4-octyloxyphenyl)- 
1,3,5-triazine. 2-(2-hydroxy-4-ortyloxyphenylH.6-bfe(2.4-dimethylphenyl)-1 ,3,5-triazine, 2- 
(2,4<IIhydroxyphanyl)-4.6-bis(2 T 4-dimelhylphenyl)-1 ,3,5-triazine. 2,4-bte(2-hydroxy-4-propyl- 
oxyphenyl)-6-(2,4-diniethyl P henyl)-1 ,3,«riazlne, 2-{2-hydroxy-4-QCtyloxyphenyl)-4 P 6-bte{4- 
me1hylpheny1>-1A5^riazinB,2-G2-hydroxy-4-dc^c^ 
1A5-triazine,2-(2-hydroxy-4^decvlox^ 

2-I2-hydroxy^-(2-hydroxy-34iutyloxypropoxy)phen^ ,3,54rtazine, 2- 

P-hydroxy^2-hydroxy-3-oc^loxypit)pyloxy)phenylM r 6-bis(2,4^irnethyl)-1 ,3,5-triazine. 2- 




m 
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[4^dod^ylo>cy/tridecyioxy-24>ydrow 

dimethylphenyl)1 ,3.5-triazine, 2-t2-hydroxy-4-(2-hydroxy-3-dodecyloxypropoxy)phenylH.6- 
bis<2,4-dimethylphenyl)-1 ,3.S-triazine, 2-(2-hydroxy-4-hexyloxy)phenyM,6-diphenyH ,3,5- 
triazlne. 2^(2-hydroxy-4-methoxyphenyl)-4.6-diphBnyl-1,3,5-triazlne t 2,4,6-trisI2-hydroxy-4- 
(3-butaxy-2-hydroxypropoxy)phenyO-1 ,3,54riazine. 2-<24iydraxyphenylH-(4- 
methoxyphenyl)-e-phenyM ,3,5-triazine, 2-{2-hydroxy-4-I3-(2-ethylh©xyl-1-oxy)-2- 
hydroxypropyloxylphenylH.6-bls(2,«ImethylphBnyl)-1 ,3.5-triazine. 

a Metal deactivators, for example N.N'-dlphenyloxamide. N-salicyla»-W-*a!icyloyl hydrazine, 
N,N'-bts(saBcyloyl)hydra23ne,N,N , 4rfs(3,5-dI-tert*utyl^hydro 

3-salicyloylamino-1,2,4-triazole, bis(benzyfidene)oxa!yl dihydrazide, oxanilide, leophthaloyl 
dihydrazide, sebacoyl bisphenylhydrazide. N.N'-diacetyladipoyl dihydrazlde. N.W-bisCsalicyl- 
oyl)oxalyl dihydrazide, N.N'-bisCsalicytoyftthiopropionyl dihydrazide. 

a. Phosphites --^nd phosphorites, for example triphenyl phosphite, diphenylalkyl phosphites, 
phenyldialkyl phosphites, tris<nonylphenyl) phosphite, trilauryl phosphite, trioctadecyi phos- 
phite, distearylpentaerythritol diphosphite, tris(2,4-di-tert-butylphenyl) phosphite, diisodecyl 
pentaerythrttol diphosphite. bis(2,4-dHert-butylphenyl)pentaerythritol diphosphite, bis(2,4-di- 
cumylphenyl)pentaeiythritol diphosphite, bis(2.B-d5-tert-butyI-4-methyipheny0pentaBiythritol 
diphosphite, diisodecyloxypentaerythritol diphosphite, bis(2,4-di-tert-butyl^-methylphenyD- 
pentaerythritol diphosphite, bis(2.4.6'tris(tert-butylpherYyl)pentaerythritol diphosphite. tristea- 
ryl soibitoltriphosphite. tetrakis(2,4-di-tert-butylphenyl) 4,4'-biphenylene diphosphonite. 6- 
isooctyioxy-2.4.8.10^tra.tert-butyl-12H-dTbenzId,gH.3 

butyl-6-methylphenyl)methyl phosphite, bis{2,4-di-teit-butyl^-mBthylphenyl)ethy1 phosphite. 
e-fluonJ^^.B.IO-tetra-tert^utyl-^-methyl^ibenzId.gH^^ioxaphosphocin, 2,2',2"-nitrilo- 

[triethyttristf.^S.S^tetra-tert-b^^ 
tra-terWiutyl-1,1^biphenyi-2,2'-W 
1 ,3,2-dioxaphosphirane. 

The following phosphites are especially preferred: 

- -Tris(2 1 4-dMert-butylphenyl) phosphite ._ -Grgafos°1.68 w _ .Ciba-Gajgy), ^.tris(nonyJphenyl^ 

phosphite, 
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for example N.rWiberizylhydroxylamrne, N,N-dlethylhydroxylamine, 
N.N^ioclylhydroxylamine, N.N-dllaurylhydroxylamine. N.N-ditet^decylhydroxylamlne, N,N- 
dihexadecylhydroxylamine, N^ioctadecylhydroxylamine. N-hexadecyJ-N-octadecylhydrox- 
ylamine, N-heptadecyl-N-octadBoylhydroxylamine. N.N-dialMhydroxylamine derived from 
hydragenated tallow amine. 

6. Nitmr.es. for example N-banzyl-alpha-phenylnitrone. N-ethyl^lpha-methylnitrone, N-octyi- 
alpha-heptyinttrone. mauryi-alpha-undecylnitrone k N-tetradecyl-alpha-tridecylnitrone. N- 
hexadecyl^lphavpentadeoylnitrona. N-octedecyl-alpha-heptadec*Initnine, N-hexadecyl-al- 
pha-heptadecylnitrone, N-ocatadecyl^lpha-pentedecylnttrone, N-heptadecyl-alpha-hepta- 
decylnnmne. N-octadecyl-alpha-hexadecylnitrone. nitrons derived from N.N-dialkylhydioxyl- 
amine derived from hydrogenated tallow amine. 

7 Thtoavnamlata. for example dllauryl thiodipropionate or dietearyl thlodlproplonate. 

a Egrojddg scavengers, for example esters of p-thiodiproplonlc add. for example Ihe lauryl. 
stearyl, myristyl or trfdecyl esters, mercaptobenzimidazole or the zinc salt of 2-mercapto- 
benzimidazole, zinc dibutyldilhiocarbamate, dioctadecyl disulfide, pentaerythritol tetrakisf> 
dodecylmercapto)pK)plonate, 

q Pn ^miri* stabilisers, for example copper salts in combination with iodides and/or phos- 
phorus compounds and salts of divalent manganese- 

jO H ^nr^tahiliBers . for example melamine, polyvinylpyrrolidone, dicyandiamide, triaByl 
cyanurate, urea derivatives, hydrazine derivatives, amines, polyamides. polyurethanes, al- 
kali metal saite and alkaline earth metal salts of higher fatty adds, for example caldum 
stearate. zinc stearate, magnesium behenate. magnesium stearate. sodium ricinoleate and 
potassium palmitate, antimony pyrocatecholate or zinc pyrocatecholate. 

11 Nucleating agents, for example inorganic substances, such as talcum, metal oxides, 
such as titanium dioxide or magnesium oxide, phosphates, carbonates or sulfates of . pref- 
" erablyraikaline-eartrrmetals^rBanie compounds 7 such as mono- or.pdycarboxylic acids. 
and the salts thereof, e.g. 4-tert-butylbanzoic acid, adipic acid, diphenylacetic acid, sodium 
suodnafe or sodium benzoate; polymeric compounds, such as ionic copolymera (tonomens). 



Espedaliy preferred are 1 .aA^sCS'.^lmethylbenzyHdBne^rbftol. 1 .3:2.4- 
difoaramemyldibenzylidene)sorbriol, and 1,3:2,4-dl(benzylidene)sorbltol. 

12 niters and reinforcing agents , for example calcium carbonate, silicates, glass fibres, 
glass beads, asbestos, talc, kaolin, mica, barium sulfate, metal oxides and hydroxides, car- 
bon black, graphite, wood flour and flours or fibers of other natural products, synthetic fi- 
bers. 

13. Other additives, for example plasticisers, lubricants, emuteifiere, pigments, rheology ad- 
ditives, catalysts, flow-control agents, optical brigbtenere. flameproofing agents, antistatic 
agents and blowing agents. 

14. BBnzofura nones and indolinones . for example those diedosed in U.S. 4,325.863; 
U.S. 4,338,244; U.S. 5,175.312: U.S. 5.216,052; U.S. 5,252,643; DE-A-4316811; 
DE-A-4316622; DE-A-4316876; EP-A-0589839 or EP-A-0591 102 or 3-[4-<2-acetOXyethOXy)- 
P henyl]-5.7-di.tert-butyi-b6nzofuran-2-one, 5,7-dl-tert-butyl-3-[4-(2-stearoytoxyethoxy)phe- 
nyntereofuran-2^ne,3 r 3'-bis[5.7-di-^^ 

one], 5,7-di-tert-birr7l-3-(4-ethoxyphenyl)benzofuran-2-one. 3-(4-ecetoxy-3,5-dimethylphe- 

rryl)-5,7-di-tert-butyl-l«nzofuran^ 

tyl-benzofuran-2K>ne.3-(3,4<i1me^ 

methylphenyl>-5,7-di-tert-butyl-benzofuran-2-one. 




To convert the phenolic antioxidant andfor phenolic UVA into the add the polymeric material 
is irradiated. An irradiation source especially useful for marking In this application is UV-light 
and espedally UV-lasers. The lasers used are commercially available. The wavelength of 
the UV-IJght preferably is in the range of 285 to 400 nrh. more preferably in the range of 28S 
to 370 nm. The duration of irradiation depends on the components and on the type of UV- 
souroe and may easily be determined by routine experiments. 

in case that another high-energy radiation source is used, the phenolic antioxidant and/or 
phenolic UVAa of component (a) described above may be replaced m the present coloring 
method by another phenolic compound showing adivity as latent acid; examples are com- 
pounds of the formula (X) or compounds of formulae (2) to (14) described above. Thus, the 
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present invention further pertains to a method of coloring a polymeric material, wherein a 
polymeric material containing 

c) a phenolic antioxidant, phenolic UVA and/or a latent acid, and 

d) a colour former 

is irradiated using a radiation .of higher energy than ultraviolet light. 

Suitable radiation of higher energy than UV fight includes X-ray, y-ray, or particle radiation 
such as electron beam. Preferred radiation sources include X-ray or electron radiation 
sources and radioactive materials emitting a-. B- and/or y-radiation. 

preferred as component (c) are basically the preferred phenolic antioxidants and/or pheno- 
lic UVAs (a) described above, or compounds of the formulae (X) and (2) to (14) described 
above. Most preferred component (c) infhis process are compounds (101)- (133) along 
with compound No. (13) feted above. Colour formers of component (d) are basically the 
same as those of component (b) noted above. Dosages of components (c) and (d), pre- 
ferred polymeric materials and uses thereof are also as initially described- 

The Invention also relates to clothes containing the components of Ihe present invention. 
Such clothes wai indicate external iiradiation by an irreversible color change, e.g. when 
such clothes are sterilized forinstance by gamma^irradiation. Another instance is the use of 
such clothes in nuclear power stations and nuclear recovery/storage buildings, as protection 
clothes, e.g. for working staff or civil defense personnel, in case of accident or nuclear aV 
tack. 

A specific embodiment Is an ABC protective clothing containing a polymer material with 
components (a) and (b) or (c) and (d) of present invention on or visibly below (e.g. covered 
by a transparent cover layer) its surface, wherein the coloring is effected on irradiation or 
contact with radioactive material. 

Clothes can be based on synthetic or natural fibers. Examples for synthetic fiber materials 
are well known in the stete-oMhe^rt, e.g. polyester, polyamide. polypropylene, elastane, 

~ -polyurethanerpolv^ 

duced mainly in a melt process (fiber spinning) where the inventive compositions can be 
added. As a result the complete fiber will change the color, when Irradiated. These fibers 



~-u«.-**B I3!53 ClBfl SC UT LTD __T0 9B1633S144M p.^ 



-49- 



can be used for making a fabric. These fabrics are suitable for the above mentioned 
clothes. It is also possible to combine synthetic and natural (like cotton, wool, etc.) fibers 
into one fabric. Moreover, functional clothes may combine several functionalities, which are 
based on separate fabric layers. The fabric according to the invention is preferably used on 
an external, visible part of the.complete clothes. 

The invention also relates to a process of making a fiber or woven or non-woven fabric 
which process comprises adding (a) a phenolic antioxidant and/or phenolic UVA and (b) a 
colour former to a synthetic polymer before or during the fiber melt spinning process. 

These materials or films or plates containing current components (a) and (b) are further use- 
ful as tags indicating x-ray or radioactive Irradiation. Intensity of Irradiation may be moni- 
tored by observation of colour development or by comparison of the colour of the irradiated 
tag or sample with the colour of a tag or sample not irradiated. Thus, present invention fur- 
ther provides a process for monitoring irradiation by X-ray or radioactive material, which 
process comprises placing a tag or sample of a polymer material comprising components 
(a) and (b) or (c) and (d) described above in a site to be controlled, and subsequently 
checking the colour of the tag or sample. 

The fallowing non-limitative examples illustrate the invention in more detail. Parte and per- 
centages are by weight unless otherwise stated. 



Examples: 

Formulations: 12 g of colour former (3,3-bis(p-dimethytaminophenyl)-6- 
dimethylaminophthalide) and 12 g of the phenolic antioxidant pentaerythritol tefrakis (3-(3,5- 
di-tert-butyl-4-hydroxyphenyl) propionate) (available as Irganox® 1010, Ciba Specialty 
Chemicals) are mixed in a turbomixer with 1 176 g of polypropylene powder (PP, Mopten® JE 
6100, Basell) having a melt index of 3.0 (measured at 230 C C and 2.16 Kg)- 
The mixture Is extruded at 200-230°C to give polymer granules which are subsequently con- 
verted into plaques 1 mm thick, using an injection molding machine (Negribossi - Italy) and 
working at a maximum temperature of 220°C, 

The same procedure is applied for formulations 2, 3 and 4 with the amounts reported in th$ 
table below. 




Tab. 1: Formulations used 



Formulation 


Colour Former 


Phenolic antioxidant 


pp 


No. 










9 


% 


9 


% 


8 


1 


1 


12 


1 


12 


1176 


2 


0.1 


1.2 


0.1 


1.2 


1197.6 


3 


1 


12 


0-1 


\a 


1186.8 


4 


0.1 


1.2 


1 


12 


1186.8 



UV laser Imaging: A polypropylene plaque (formulation as in the above Table 1) is irradi- 
ated using a Lasertec* UV laser system operating at 355nm, 3KHZ, 99.9% power and a 
scan Bpeed of 15 mm/sec. Once imaging Is complete, text is clearly visible on the plaque. 
Repeated imaging leads to more intense image. The plaque is then subjected to artifical 
daylight for 67 hours on a light rig with an average output of 13.000 Lux. No significant 
change in the density of the imaged text is discernible. The optical density and L*a*b* val- 
ues (CIELAB) of the unimaged background of the plaque are measured before and after 
exposure to artificial daylight using a Gretag SPM50 spectrophotometer. Formulations 24 
as in the above Table 1 are tested in the same way. The results are compiled in table 2 
below. 

Tab. 2: Optical density and L* T a", b* parameters of unimaged background before and af- 



Formulation 


ODmat 




L* 


a* 


b" 


L* 


a* 


b* 


No. 


Before 


After 


Before 






After 






2 


0.28 


0.31 


86.95 


0.16 


8.30 


85.03 


0.35 


8.25 


4 


0.26 


0.31 


87.60 


0.18 


8.10 


84.76 


0.95 


8.26 


1 


0.69 


0.69 


70.00 


3.66 


6.19 


69.75 


3.19 


8-65 


3 


0.66 


0.74 


71.67 


3.84 


5.08 


69.20 


3.17 


9.81 



Images obtained as coloration on unirradiated background show good contrast and light 
stability. 




Claims 

1. Method of coloring a polymeric material, wherein a polymeric material containing 

a) a phenolic antioxidant and/or a phenoRc ultraviolet absorber and 

b) a colour former 

is irradiated using a radiation of higher energy than visible light, provided that the phenolic 
antioxidant and/or phenolic ultraviolet absorber (a) is not a compound of the formula (2) to 
(14) -, • • 




(2) 



(3) 



(4) 




2. Method according to claim 1, wherein the radiation of higher energy than visible light is 
selected from ultraviolet light. X-ray, gamma radiation and particle radiation, especially from 
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ultraviolet laser or ultraviolet lamp radiation of 285 to 4D0nnt electron radiation, X-ray and 
gamma radiation. 

3. Method according to claim 1, wherein component (a) is a compound comprising one or 
more mono-hydroxyphenyl moieties, each carrying one or two bonds to either a linking 
group connecting the moiety with 1 to 3 forther moieties of the same type or to an anchor 
group, 

and optionally 1* further subslituente selector* alkyl of 1 toJ2 carbon atoms, 
where the linking groups are dh tri- or tetravalent aliphatic groups of 1 to 20 carbon atom* 
and divalent linking groups are selected from 

alkylene which may be interrupted and/or end-capped with -NH-, -S-, -CO-, -COO- - 
OCO-. -NHCO-. ^CONH-, a group U phenylene, phenytene which to substituted by C- 
Ciaalkyl andforC,-C n2 alkoxy and/or C 2 -Ci 2 alkanoyloxy and/or Ca-Cualkenoyloxy; 
divalent mono-, di- or tricycloalkylene groups; divalent mono-, di- or tricycloalkylene groups 
interrupted by -O-; spacer groups -O-; -NH-; -S-; -CO-; XOO-; -OCCX -NHCO-; -CONH-; 
trivalent groups are selected from 

trivalent alkyl groups of 3 to 20 carbon atoms; said trivalent alkyl groups interrupted and/or 
end-capped with ~0-, -NH-, -S-. -CO-, -COO-. -OCO-. -NHCO-, -CONH-, a group U 
phenylene, phenylene which to substituted by C,-C 12 alkyl and/or Ct-Ciaslkoxy and/or C*- 
C 12 alkanoyloxy and/or CarC^lkenoyloxy; or trivalent groups of the formulae 




' 4ft 
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tertravalem groups are selected from 

tetravalent alkyl groups of 4 to 20 carbon atoms; said tetravalerrt alkyl groups interrupted 
and/or end-capped with -O-, -NH-. -S-, -CO-, -COO-. -OCO-, -NHCO-, -CONH-, a group Li, 
phenylens, phenylene which Is substituted by Ci-O z alky1 and/or C,-C 12 a!koxy and/or Csr 
C 1z alkanoyloxy and/or d-Czalkenoytoxy; 
wherein 

Li is a group selected from the formulae 






L 2 is OH, CrCaalkyl, d-C 1z alkoxy, CsrCiahydroxyalkyl; Ca-dzhydroxyalkoxy; 
U independently ere Ci-C 4 a!kylene; 




U Independently are H or CrGiaVqft and 
anchor groups are selected from 

C-Cszalkyl; d-CjaalkyWW-; Ca-Caaalkyl Intemipted by -As-, phenyl; -Arpheny* where the 
phenyl core te substituted by Ci-Czalkyl, C-daalkoxy, CrCiaalkanoyloxy and/or C- 
Ci 2 alkenoyloxy; C,-C„alkyl substituted by a group of the formula 

HA 




H,C ch, 

phosphite, phosphate or phosphonate ester groups, e.g. of the formula 
or the anchor group Is of the formula 



X 

where m and p independently are 0 or 1 ; 

A 1 and A 2 independently are C,-C«alkyl or phenyl or phenyl substituted by C-daalkyl or an 

equivalent of an alkaline, alkaline earth or aluminum atom; 

Aa te a direct bond or Ci-C 8 alkylene; 

Ad is selected from CrC s alky!ene and As; 

As is selected from -0-, -NH-, -S-, -CO-, -COO-, -OCO-, -NHCO. -CONH-; 
Ag is selected from C r C 19 alkoxy, Ci-Ci B alkyHhio and C-Ciaalkylamino; 

A 7 is-0-or-«H-; 

R'TsHrCi-C^alMrCi^ 




or the anchor group is Cs-C^alkylene or Ga-Csszoxaalkylene attached with both open bonds 
to adjacent carbon atoms of the mono-hydroxyphenyf moiety, 

4. Method according to claim 3. wherein the anchor groups ere selected from tertiary C4- 
Ciaalkyl; C^^alkyi-AB-: Cz-C^alkyl interrupted by -As-: -A 5 -phenyl; -As-phenyl where the 
phenyl core is substituted by Ci-dzalKyk -A*-phenyl where the phenyl core is substituted by 
C2-Ciaaltcanoyloxy and/or Cg-Ci*alkenoyioxy. and optionally further by Ci-Ci^lkyl; or the an- 
chor group is CrCsselkylene or Cs-Cazoxaalkytene attached with iMth^opejiJfepnds to acQa- , ^ 
cent carbon atoms of the mono-hydroxyphenyl moiety: or is a group of one the formulae 




^KO> m -P(=O)p(OA0(OA 2 ); 



■ 

where m and p independently are 0 or 1; 

A, and Aa Independently are Ci-C«eM or phenyl or phenyl substituted by (^-C^lkyl or an 
equivalent of an alkaline, alkaline earth or aluminum atom; 
As is a direct bond or Ci-C&alkylene; 

A* is selected from d-C B alkylene, -O-, -NH-, -S-, -CO-, ^COCK -OCO-, -NHCO-, -CONH-; 
As is selected from -O-, -NH-, -S-, -CO-. -COO, -OCO-, -NHCO-, -CONH-; 
Aa is selected from Ci-C 1B alkoxy, Ci-dealkyUhfo and Ci-Ctaalkylamino; 



id 
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A 7 is -O- or -NH-; 

AelsCi-C/alkyl; 

R'isCt-C^lkyl- 



Method accenting to claim 3, wherein component (a) to a compound of the formula (A> 




(A) 



-in 



wherein 



*, * R, and R& Independently are hydrogen, methyl or tertiary CrCAl, especially 
methyl, tert.-butyl and teit-pentyt 
rtisftomme range 1-4: 



Q hem,l where the phenyl rare Is substituted by cCrffc* -A.-phenylwh.re the phenyl 
^ te ~ b, «U««. ,nd,or C^»— . - 
TLalK* or R, tog8t hsr wit, R. i. C^slWsns or ««~-**n. attached w,h be* 
t^Ll adjaL c«ben of »e „»no*ydroxypheny, mo** or » e group o. 
one the formulae 



-co— i 




tH, J2 



-AHOVP^MOAiXOAz); 



• 




where m and p independently are 0 or t; 

A, and Az independently are Ci-Ciaalkyl or phenyl or phenyl substituted by d-C^alky! or an 
equivalent of an alkaline, alkaline earth or aluminum atom; 
A a is a direct bend or d-Caalkylene; 

A„ is selected from Cr-CBalkytene, -O, -NH-. -S-, -CO-, -COO. -OCO-, -NHCO-, -CONH-; 

A s is selected from -O-, -NH-, -S-, -CO-, -COO-, -OCO-, -NHCO-. -CONH-; 

A„ is selected from CrC 1B alkoxy, d-CiBalkylthio and Ci-Ci6alkylamlno; 

Arfs-O-or-NH-; 

As is CrCralkyi; 

R*ted-Ci B alkyl; 

when n is 2, Ri is C r Ca>alkylene which may be interrupted andfor end-capped with -O-. - 
MH-, -S-, -CO-, -COO-, -OCO-, -NHCO-. -CONH-. -Ir, phenylene, phenylene which is sub- 
stituted by C,^ ia alkyl and/or d-C 12 alkoxy and/or CsrC, a alkan6yloxy and/or Cg- 

• r 

Ci2alkenoy!oxy; 

divaiertt mono-, di- crtricycloalkylene groups; divalent mono-, dl- or bicydoalkylene groups 
Interrupted by -0-; spacer groups -O-; -NH-; -S-; -CO-; -COO-; -OCO-; -NHCO-; -CONH-; 

when n Is 3, R% is trivalent alkyi of 3 to 20 carbon atoms; said trivalent alkyl interrupted or 
end-capped with-O-. -NH-, -6-. -CO-, -COO-, -OCO-, -NHCO-, ^CONH- -Li-, phenylene, 
phenylene which Is substituted by Ci-dzalkyl and/or Ci-C, 2 alkoxy and/or CrC, 2 alkanoyloxy 
and/or Ca-Ciaalkenoyloxy; or trivalent groups of the formulae 





when n is 4, Ri is tetravalent aikyl of 4 to 20 carbon atoms; said tetravalent alkyl interrupted 
or end-capped with -O- -NH-, -CO-, -COO-, -OCO-, -NHCO-. -CONH-. -Li-, phenylene, 
phenytene which is substituted by Ci-C«alkyl and/or CvCizalkaxy and/or Cz-Ci a alkanoyloxy 
and/or Cs-Ci 2 alkenoyloxy; 

Li is a group selected from the formulae 
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U is OH, Ct-C ia alkyl. Ci-Cizalkoxy, CrCiahydroxyalkyl; Cz-Ciahydroxyalkoxy; 
L 3 independently are C 1 -C 4 alkyiene; 
U independently are H or CrC^lkyl. 

6. Method according to claim 5, wherein fk, R 3 , R* and R B independently are hydrogen, 
methyl, tert.-butyl, tert-pentyl; 
when n is 1 1 

R, is tertiary butyl, tertiary pentyl; Ci^alkyl-Aa-; Ca-CaaalkyI intenupted by -As-; -As-phenyi 
where the phenyl core is substituted by CVC^alkylr -Arphenyl where the phenyl core is 
$ubstltuted by C a -C 4 alkenoyloxy and Ci«Cfealfcyl; or R, together with Rs is Ca-C^alkylene or 
C3-C2zOxaalkylene attached with both open bonds to adjacent carbon atoms of the mono- 
hydroxyphenyl moiety; or Rt is a group of one the formulae 
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A, and A 2 independently are Chalky! or an equivalent of a metal atom selected from U, 
Na, K, V5 Mg, % Ca, 1/3 Al; 
A 3 Is methylene; 
A, is d-Caalkylene; 

A 5 is selected from -O-, -S-. -COO-, -OCO-, -NHCO, -CONH-: 
A e is selected from C 4 -C 1B a1kylthio and C 4 -Ci e alkylamlno; 
A7IS-NH-; 
A B is Chalky!; 
R* is d-Cwalkyl; 

when n is 2, Ri is d-Ciaalkylene; Cz-Caoalkylene Interrupted and/or end-capped with -O-, - 
S-, -COO-, -OCO-. -NHCO-, -CONH-, -Li-: or R, is a divalent mono-, di- or tricydoalkylene 
group; or R1 is -O-; -NH-; -S-: 

when n is 3, R, is trivaJent alkyl of 3 to 20 carbon atoms; said trivalent alkyl interrupted by - 
O-, -COO-, -OCO-. -NHCO-, -CONH-, phBnylene. phenytene which is substituted by C- 
Ciaalkyl; or R1 is a trivalent group of one of the formulae 



I V 4 ' 

/ L 3 






V 



when n is 4, R, is tetravalerrt alkyl of 4 to 20 carbon atoms; or said tetravalent alkyl inter- 
rupted by -O-, -S-. -COO-, -OCO-, -NHCO-, -CONH-; 

O- 

l_i is a group of the formula 

L a independently are C-dalkylene: 
U independently are H or Ci-C 4 alkyl. 

7. Method according to claim 1 , wherein the colour former is a triphenylmethane. lactone, 
benzoxazine, spirapyran or preferably fluoran or phthallde, 

8. Method according to claim 1 , wherein the polymeric material contains 0.001 to 10 % by 
weight of the phenolic antioxidant and/or phenolic UVA, based on the total weight of the 
polymeric material. 

9 Method accorting to claim 1 , wherein the polymeric material contains 0.001 to 10 % by 
weight, preferably 0.01 to 5 % by weight of the colour fcmer with respect to the total weight 
of the polymeric material. 

10. Method according to claim 1, wherein the polymeric material is a transparent thernio- 
plasL 

1 1 Method according to claim 1 . wherein the polymeric material is selected from Stymne 
acrylonitrile copolymer, polyolefin, polyvinylchloride, polychlorobutadiene, polyesters and 
glycol modified polyesters, polyacrylics, polystyrene, acrylonitrile styrene acrylate copoly- 
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mer, polyamide. ecrylonitrile styrene butadiene copolymer, polycarbonate, or blenda or *- 
loys thereof. 

12. Method of coloring a polymeric material, wherein a polymeric material Containing 

c) a phenolic antioxidant, phenolic ultraviolet absorber and/or a latent add. and 

d) a colour former 

is Irradiated using a radiation of higher energy than ultraviolet light. 

13 Protective clothing or mask or irradiation indicating tag. wherein a polymer material com- 
prising components (c) and (d) according to daim 1 2 in form of a fiber, textile, nonwoven or 
film is contained on visibly below the surface of the clothing or teg. 

14 Processor monitoring irradiation by X-ray or radioactive material, which pmcaes com- 
prises placing a tag or sample of a polymer materiel comprising components (c) and (d ac- 

tag or sample. 

15. Use of a polymer material comprising components (c) and (d) according to claim 12 for 
detecting irradiation by X-ray or radioactive material. 

16 Process of making a fiber or woven or non^ven fabric, which process comprises add- 
,ng (a) a phenolic antioxidant and/or phenolic UVA and (b) a colour former to a synthetic 
polymer before or during the fiber melt spinning process. 
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Absftja ct 

Polymeric material, containing a phenolic antioxidant and/or phenolic UVA and a colour for- 
mer is unchanged by visible light and may be coloured by irradiation with energy higher 
than visible light 
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